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flows in the major river valleys. Such
measures alleviate urban and agricul-
tural damages caused by major floods
lower down the main rivers.

This three-phase program is a co-
ordinated approach to flood preven-
tion and control—a program that pro-
tects the farmer or rancher of the up-
lands as well as of the lowlands, and
the upstream bottomlands as well as
the downstream cities.

ErwiN C. Forb is an agricultural econo-
mist in the Watershed Planning Branch,
Soil Conservation Service, Department of
Agriculture.

Woobpy L. Cowan and H. N. Hor-
TAN are hydrologists in the Central Techni-
cal Unit, Engineering Division, Soil Con-
servation Service, Department of Agricul-
ture, Beltsville, Md.

The Possibilities of
Land Treatment

in Flood Prevention

Howard O. Matson, William L. Heard,
George E. Lamp, and David M. Ilch

In most tributary valleys, %5 to go
percent or more of the total flood losses
are caused by the comparatively small
storms that occur on an average of
once in 10 years or oftener.

If overflow in tributary valleys could
be reduced to not more than once in 10
years, the risk of flood damage would
be no greater, in general, than such
other agricultural risks as drought,
hail, early frost, lightning, and pests—
risks that the farmer takes year in and
year out. Often land treatment alone,
but generally augmented by small
waterflow-retarding structures and
stream channel improvements, can
provide enough flood protection in the
headwater areas to reduce the risk to
what the farmer faces against other
natural forces.

A flood produced by a thunderstorm
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usually results when a center of intense
rainfall develops at or near the center
of a small watershed. Intense rainfall
centers ordinarily move at about 15 to
25 miles an hour, and if the storm path
follows down a watershed, the severity
of flooding is greatly increased. Maxi-
mum rainfall during a thunderstorm is
rarely more than 12 to 15 inches, al-
though depths exceeding g0 inches in
less than 24 hours have becen reported.

Floods of great magnitude on major
rivers are produced only by general
storms that persist for several days.
When such storms occur in late spring,
the flood volume may be increased by
melting snow.

The frequency and severity of flood-
ing are greatest in regions next to the
Gulf of Mexico, where intensities of
rainfall generally are higher than in
other regions. Rainfall intensities de-
crease gradually northward from the
Gulf and are higher over the eastern
and central parts of the United States
than in the territory between the Great
Plains and the Sierra Nevada.

Other factors may be important, but
the frequency of flooding generally is
directly related to the frequency and
characteristics of storms. Another fac-
tor is the relationship of the channel
capacity of a stream to the size of its
watershed area. In the Sandstone Creek
watershed in western Oklahoma—typ-
ical of many small streams in that
area—a runoff volume equivalent to
one-fourth inch of rainfall from the
watershed area was enough to cause
flooding under average conditions. As
a result, flooding occurred an average
of more than nine times a year.

Rainfall occurring before a potential
flood-producing storm affects the soil
moisture and thereby the rate and
volume of runoff that may result from
the flood-producing storm that fol-
lows. Any effective antecedent rain-
fall—generally more than one-half
inch in 24 hours within 10 days before
a flood-producing storm—is usually
significant in limiting the soil storage
at the time of the storm. The amount
of antecedent rainfall that might be



Let the Land
and the People

Rejoice

This is an account of a program to
improve a pilot watershed in Obhio.
It is an example, a guide, a lesson.
The facts it brings out can be applied
to watersheds all over our country.

The Upper Hocking watershed lies
west and north of Lancaster, Ohio, the
seat of Fairfield County. Its area of
31,418 acres (49 square miles) includes
27,700 acres of farmland, a part of
Lancaster, and 3,202 acres of flood
plain. The bottom land is intensively
cultivated; about two-thirds is in grain
each year. Some 44 wholesale, retail,
and small manufacturing concerns are
on the flood plain within the city.

In the past, any storm that produced
6 inches of runoff inundated the flood
plain. Floods have been frequent along
the Upper Hocking and Hunters Run,
which joins the main channel in Lan-
.caster. Damage caused by a flood in
1948 was set at 1 million dollars.
Damages from floodwaters and sedi-
ment have averaged 100 thousand dol-
lars a year—somewhat mare than half
to property in Lancaster and the rest
to crops, pastures, farm improvements,
and transportation. Gullies are com-
mon on the watershed. The slopes have
lost up to half the topsoil through sheet
erosion.

A watershed-protection program was
developed jointly by the local people,

the Fairfield Soil Conservation Dis-
trict, and the Soil Conservation Service.
Its purpose is to prevent floods and to
hold soil and water on the watershed.

The program includes nine drop-
inlet dams, which are earth dams with
small outlet conduits. They hold back
floodwater from a 6-inch runoff long
enough so that the water can flow
through the conduits slowly, without
damage. Structures to control sediment
are being built. Stream channels are
being improved. Critical sediment-
producing areas are being stabilized.

Conservation measures include ad-
justments in land use, stripcropping,
terrace outlets, terraces, farm water-
ways, seeding of pastures, field diver-
sions, and planting of trees. A fire-
control program is being developed.
Help in managing forests and woodlots
is given landowners. '

Residents expect the completed pro-
gram to yield benefits worth 98 thou-
sand dollars a year in watershed pro-
tection, a net increase in farm income
of 84 thousand dollars, and a reduc-
tion of 87 percent in annual damage
from floodwater.

The total cost of the flood-preven-
tion and conservation measures has
been estimated at 1.5 million dollars,
shared nearly equally by the residents
and the Federal Government.



The bottom lands and rolling uplands of the Upper Hocking watershed support gen-
eral grain-livestock farming on 287 farms, whose average size is 150 acres. From
M. Pleasant Park one can see a part of Lancaster, a city of 26,500 population. Hock-
ing River and Hunters Run join in the lower part of Lancaster. Their floods have
kept in jeopardy the homes and businesses on the flood plain there.




Large gullies may occur on unprotected land. Every heavy rain cuts them deeper.
Soil carried from such gullies by floods to lowlands damage the flood plain and must
be removed at great cost. Summer storms harm clean-cultivated crops, such as corn.
Sheet erosion and incipient gullies may not appear serious at first, but before long
they lower crop yields and productivity of soils.
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Lancaster suffered a serious flood on July 22, 1948. Small houses were washed from
their foundations. Railroad property was damaged. The products of lumbering and

other businesses floated away or were buried in the debris and sediment washed down
from the uplands.




As the watershed-protection program of the Upper Hocking got underway, farmers
and businessmen took an active interest in the work. Here a group is inspecting the
concrete dissipator blocks used in the outlet of the first dam to be constructed. Crop
inlets, of concrete, provide for a slow, uniform passage of runoff waters into the chan-
nel below. The concrete work is finished before the embankment or earth fill is
constructed to form the dam.




Engineers of the Soil Conservation Service checked the contractors’ work on the dams,
nine of which were planned for the watershed, at a cost of about 900 thousand dollars.
The surfaces of the completed dams are protected by seeding with grass to prevent
erosion. Baled hay is spread as a mulch to help the grass get started.
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Work to conserve soil and water on the farms in the watershed has been carried out
simultaneously with flood-prevention measures. One practice was to make open
drains to eliminate soggy meadows and increase production. Outlets provide safe

methods of water disposal for the field waterways. Waterways were graded into
former gullies and natural water courses. Grassed waterways are left as a permanent
protection to the land and are not plowed during cultivation of fields.




Contour stripcropping protects fields where clean-cultivated and close-growing crops
are raised in rotation. The force of water running across bare soil is broken when the
water reaches the alternate grass strip. The grass holds some of the water and filters
out dirt. Farmers in the Upper Hocking watershed plan to stripcrop about 5,000
acres. Trees planted on otherwise idle land also will help reduce erosion and runoff.
Farm ponds are used for stock water, recreation, and other purposes. Ponds can.pro-
duce up to 200 pounds of largemouthed bass and bluegills per surface acre of water.
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The Possibilities of Land Treatment in Flood Prevention

considered effective, however, varies
from place to place and from season to
season. The occurrence of effective
antecedent rainfall can be a significant
factor in limiting the effectiveness of
land treatment.

Generally, land treatment is most
effective in reducing the runoff from
long-continued rains of moderate in-
tensity and have the least effect on the
rates and volumes of runoff resulting
from short, intense storms. For exam-
ple, Ralph W. Baird, project super-
visor at the Blacklands Experimental
Watershed, near Waco, Tex., reported
that conscrvation practices have re-
duced peak rates of runoff appreciably
and that the reduction in peak rate is a
relatively constant amount—about 0.5
inch an hour. This means that a peak
rate of runoff of 1 inch an hour would
be reduced to 0.5 inch, but a peak run-
off rate of g inches an hour would be
reduced only to 2.5 inches an hour.

THE s1zE AND SHAPE of watersheds
are permanent characteristics that in-
fluence mainly the concentration or
time distribution of runoff from a
watershed. The size and shape of the
watersheds greatly affect collection
and discharge of streamflow. Surface
runoff in some watersheds is quickly
assembled and discharged. In some
others, the surface drainage is longer
delayed and the discharge released
more slowly. Part of this influence
is due to the soil characteristics. As
watersheds increase in size, they be-
come more complex with regard to
slope, topography, soil, and the vege-
tative cover conditions. Many stream-
flow characteristics are rclated ecither
directly or indirectly to topographic
features which cannot be modified
greatly by land treatment.

Steep slopes generally have limited
surface soil storage; therefore discharge
is usually rapid. This is particularly
true of short, steep slopes. The runoff
from a long slope is usually slower but
lasts longer after the rainfall ceases.
The effect of slope will vary with the
rate and duration of the rainfall. Dur-
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ing periods of prolonged, intense rain-
fall, when runoff usually becomes a
constant, the effect of slope is less pro-
nounced; the converse is usually the
case during storms of short duration.
Steepness of slope is frequently a limit-
ing factor in the application of land
treatment measures which would be
most effective in reducing runoff.
Return of all the land to its original
pristine condition in order to attain
the optimum natural control of water
is neither practical nor desirable. The
land must be considered as it is today—
as it is now used—and in this setting
we must try to maintain or improve its
productive capacity as well as to im-
prove its hydrologic functions in flood
prevention. Because it must continue
to be used, and because it is made up of
a complex number of elements, there
willbedistinct limitations in accomplish-
ing the maximum that the land is capa-
ble of in reducing runoff and erosion.
Various means have been devised to
protect the cultivated soil while con-
tinuing to grow crops. Steep, cultivated
lands have been terraced instead of
simply growing crops on the natural
slopes. Contour cultivation is now ac-
cepted as distinctly better than culti-
vation up and down the slope. Stubble
mulching, working crop residucs into
the soil, and various other ways of add-
ing plant material to the soil surface
are now recognized practices which
stabilize the soil and keep it absorptive
of water. Periodically changing from
clean-cultivated crops to close growing
plant covers is effective in reducing the
eroding effect of heavy rains. Breaking
the length of clean-tilled slopes with
strips of sod is also useful in reducing
the soil losses. Listing, strip cropping,
green manures, Cover crops, and similar
practices are used to prepare the soil
to absorb water better at the same time
it is being used to produce food crops.
Conclusions drawn from rotation
studies conducted in various parts of
the country indicate that surface run-
off and erosion are generally reduced,
often as much as 50 percent, by rota-
tions that include one or more years in
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close-growing vegctation when com-
pared with land continuously row
cropped and that the greater reduc-
tions occur when the rotation is in hay
or pasture crops. In some cases row
crops grown in rotation released as
much surface runoff and erosion as
when they were grown continuously.

Strip cropping appears to have less
effect in reducing surface runoff than
rotation cropping, but gencrally it re-
duces erosion markedly. Strips of close-
growing vegetation filter the soil from
runoff water entering them from above
and protect the soil in the strips from
erosion. Strip cropping seems to be a
better practice than rotation cropping
for erosion control. For adequate sur-
face runoff control, strip cropping
should be supplemented with other
control measures.

Contour cultivation has reduced the
runoff from rains of low and medium
intensity as much as 8o percent when
compared to the surface runoff from
similar ficlds plowed up and down the
slope.

Changes in the composition and the
density of the forage cover are due only
in part to the consumption of the for-
age by the livestock. Equally impor-
tant is the eflect of soil trampling by
animals. Trampling has a direct effect
upon the infiltration capacity of soil,
because the animals’ hoofs compact
the soil, making it less receptive to wa-
ter. Heavy use is generally more con-
ducive to severe soil disturbance than
is light use. In either instance, the
effects of use are modified markedly by
the texture and moisture content of the
soil. Dry, sandy soils are little affected
by trampling since they can be com-
pacted only slightly. As soil texture be-
comes finer and the soil moisture in-
creases, the compacting effect of animal
hoofs becomes more pronounced.

Trcatment of the range and pasture
to reduce surface runoff and crosion
and to maintain forage plant cover for
livestock use can be accomplished in
several ways. In some areas the quality
and density of forage can be improved
by reducing the number of grazing
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animals or by excluding all animals for
varying periods of time. Forage condi-
tions often are improved by seeding,
which provides additional protective
cover for the soil. Cultivation and soil
fertilization in the East have been
effective in rehabilitating deplcted
range and pasture, with attendant re-
duction in runoff and crosion.

Heavy grazing on many western
rangelands has increased surface runoff
and erosion, often causing more fre-
quent flash floods, increased damage to
lowlands, and rapid sedimentation of
reservoirs. The effects have been shown
clearly by comparisons among similar
lands grazed heavily and lightly or not
at all. Total exclusion of livestock for
definite periods is effective in improv-
ing both forage and hydrologic condi-
tions in certain western areas.

Pasturing of woodlots in the East is
not compatible with good control over
surface runoff and erosion, especially
on hilly land. Trampling compacts the
soil, reducing the rate at which water
can enter; browsing destroys the soil-
protective cover provided by small and
young growth, increasing the suscepti-
bility of the soil to erosion. The sod
grasses and legumes that make up most
of the forage in the humid sections pro-
tect the soil well against erosion, if
grazing is not too heavy.

Studies on thec Coweeta Experi-
mental Forest in North Carolina show
the following effects of logging disturb-
ances in steep mountain watersheds:
“. .. Over a 4-year period, 2.3 miles of
road lost 6,850 cubic yards of soil.
During storms, the stream turbidity on
the logged arca reached a maximum of
7,000 parts per million as compared
with 8o p. p. m. for the check (un-
logged) area. . . . Flash runoff from the
roads has also doubled flood peaks.
Although the logged area is still forest-
covered and will produce another crop
of timber, its water quality and sedi-
ment production are more typical of
hillside cornfields than of forest.”

Land treatment in forest and wood-
land areas can be aimed at minimizing
the harmful effects resulting from the



Frozen Soil and Spring and Winter Floods

operations of harvesting the wood crop.
Practical methods are now known by
which forest lands can be used for tim-
ber production and yet contribute sub-
stantially to waterflow retardation and
erosion prevention. It is possible to
improve the hydrologic functions of
many of the existing tracts of forest and
woodland and to reestablish a protec-
tive forest growth on many acres of
deteriorated cultivated crop and pas-
ture land no longer usable for that
purpose.

To AccOMPLISH EFFECTIVE land
treatment for flood prevention is not
simply a question of money—limitless
funds would not produce the results
without the complete and willing
cooperation of the landowner and the
operator. The cooperation can be
achieved once theland user realizes that
erosion and water control on the land
will also mean better crops, easier
management for him, and a reduction
in floods and sediment downstream.

Howarp O. MATSON heads the Engi-
neering and Watershed Planning Unit, Soil
Conservation Service, Fort Worth, Tex. He
has been with the Soil Conservation Service
since its creation in 1935. He has degrees in
agricultural engineering from the University
of Nebraska and the University of Cali
fornia.

WiriaMm L. HEeARD entered Federal
service in 1932. He has been with the Soil
Conservation Service since 1935. He is as-
sistant State conservationist for the Soil
Conservation Service in Mississippi.

George E. Lamp is area conservation-
ist, Soil Conservation Service, Sioux City,
Iowa A graduate in civil engineering of Iowa
State College, he has had varied engineering
experience with the Rock Island Railroad
and Iowa Highway Commission before he
‘oined the Soil Conservation Service in 1935.

Davip M. ILcH is assistant division chigf
of Flood Prevention and River Basin Pro-
grams, Forest Service, Washington. A grad-
uate forester from Iowa State College, he
has had more than 24 years of experience with
the Forest Service in watershed management
research and flood prevention surveys.
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Frozen Soil and
Spring and
Winter Floods

Herbert C. Storey

Along with heavy rains and rapidly
melting snow as the causes of floods in
winter and in early spring, one should
consider frozen soil.

Consider first, though, some mis-
taken beliefs about the occurrence,
characteristics, and the effects of frozen
soil. Many persons think that if sub-
freezing temperatures persist for some
time, the soil will freeze uniformly over
large areas or that once soil is frozen it
becomes impermeable and stays frozen
until the spring thaw. Some element of
truth resides in those ideas: It is true
that if temperatures remain below
freezing for a time, some soils start to
freeze. It is also true that some frozen
soils prevent infiltration. It is also true
that some soils have remained frozen
throughout the winter.

Soil freezing is an important hydro-
logic factor in the part of the United
States where low winter temperatures
prevail and the snow cover is light. Its
southern boundary is a line extending
from the vicinity of New York City
southwesterly across New Jersey and
Pennsylvania, and west across southern
Ohio, Indiana, and Illinois, through
the upper part of Missouri and Kan-
sas, then southwest to the Rocky
Mountains in the lower part of Colo-
rado, north along the eastern edge of
the Rockies into southern Wyoming,
westerly to the northeast part of Utah
and the southcast part of Idaho, then
east and north again along the east
front of the Rockies through Wyoming
and Montana. Another zone, sepa-
rated from the main area by the
northern Rockies, includes the eastern
one-fourth of Washington and a small
part of northeastern Oregon.

Soil freezing does occur south of that
line, but it is largely intermittent
(freezing at night, thawing during the



